INTRODUCTION
The understanding of charmed meson decays has progressed rapidly in recent years. In the first section of this chapter, a brief discussion of charm particle spectroscopy is presented reviewing the current status of the field. In the next section, the phenomenology of the weak decays of ground state charmed mesons is outlined and discussed in light of recent measurements of the meson total widths. A brief discussion of the phenomena of DoDo mixing is included. In the subsequent sections, the measurements of semileptonic and hadronic charm decays are summarized and discussed in light of the phenomenology, leading to the emergence of a coherent picture of the underlying physics and pointing towards some as yet unanswered experimental and theoretical questions. 
THE CHARM SPECTROSCOPY s
In the standard parton model, the light u,d, and s quarks are expected to combine with the heavier charmed (c) quark to form the three lowest lying pseudoscalar states: Do (cii), D+ (cd] and D, (cs).[" Spectroscopically, these correspond to the 'So states. Unless otherwise stated, a specific state will always imply its charge conjugate as well. The Do and D+ form an isotopic doublet; the D, an isosinglet. These states have been isolated in e+e-annihilation, hadroproduction, photoproduction, and v-scattering experiments. The massesIzl and lifetimes'31 of the groundstates are summarized in Table I . As in the spectrosopy of light quark mesons, a set of orbitally excited charmed mesons is also expected with, the lowest lying states having spectroscopic and quantum number assignments: 'PI (l+) or 3Pj (O+, l+ and 2+), and masses typically 500 MeV/c2 higher than the ground states.[81 Figure 1 shows a typical set of mass splittings expected for bound CQ states in both nonrelativistic and relativistic potential models. The first candidate for an orbitally excited state (D**' ) has only recently been observed.lol Figure 2 shows the experimental evidence for the state. This state appears to play a significant role in charm fragmentation at high energies.
PHENOMENOLOGY OF CHARMED MESON DECAYS
The weak decays of the charmed mesons can most naively be thought of as the beta decay of a free charmed quark. The partial width associated with such a process (pictured in Figure 4 ) is given by:
Gpkl; ro(c+sud) =-1927r3 (1)
Here, the light quark is ignoredi as is the phase space correction (-l/2) for the s-quark mass. There are five such processes shown in Figure 4 ; two are
Cabibbo-allowed semileptonic, and three are Cabibbo-allowed nonleptonic corresponding to three possible colors. In total the width in (1) must be multiplied by five (if the Cabibbo angle is ignored). That is,
55G7,,5 6 x lo-l3 seconds. This naive model is com- Fig. 4 . The beta decay of the monly referred to as the spectator picture, charmed quark. since the light quark acts as a spectator in the decay, and plays no role. In this picture, the Do and D+ and D, have equal lifetimes and semielectronic (or semimuonic) branching ratios of 20%.
Corrections to the Spectator Picture
The hadronic weak decays however are expected to be modified by strong interactions among the quarks that are not present in the semileptonic decays.
The bare four-fermion point interaction is altered in lowest order by one loop hard gluon exchanges. The strong interaction effects are neatly accommodated in the Wilson coefficients (cf ( q2)) in an effective weak Hamiltonian for the nonleptonic interaction:"" HiI% -J2) -% (y?yud)(c+O+ + C-O-)
and (@q2) implies the usual V-A current (qrr'(l -y5)q2).
The term O-(0+)
transforms like an SU(4) 20-plet (84-plet). In the charm-changing piece, these contain respectively the SU(3) 6-plet and 15-plet. The coefficients (at fixed q2)
are related in leading log and next-to-leading log approximation by, c-= l/fit+), implying that only one independent parameter governs Htetk. The coefficients c* are unity at q2 = 00, corresponding to the property of the strong interactions of asymptotic freedom. The Hamiltonian then reverts back to that of free quarks.
For values of q2 corresponding to the charmed quark mass MC = 1.5 GeV/c2, the value of c-M 2.0 and c+ M 0.7. The calculation of ck has been done to next order, and is found to reinforce the leading log calcuIation in direction but to be decreasing in magnitude"" (see Figure 5 ). The effect of the strong interaction is thus to enhance the sextet part of the charmchanging nonleptonic Hamiltonian, in analogy to octet-enhancement in the decays of strange mesons. The total nonleptonic width for charmed quark decay is thus increased:
The semileptonic branching ratio (Bl) is correspondingly reduced to:
c + eX) B1 = rr\c 4 all) = [ l 2SL + (2c$ + CT)NL 1 (2) For the values of ck evaluated at MC = 1.5 GeV/c2, the semileptonic branching ratio, Bl M 14%. This is still an approximate calculation because of the uncertainty in the value of q2 at which to evaluate the coefficients, the strength of still higher order corrections, and the effects of finite quark masses (which reduce the nonleptonic enhancement -see ref.1121). Non-perturbative (soft-gluon) effects may also play a role,'141 and lead to additional non-leptonic enhancement. The best measurements at present for semileptonic decays are summarized in Table III.   TABLE III 
The equalities hold true assuming isospin invariance, and the smallness of Cabibbosuppressed decays. The values in Table III Table I ). The closeness of these values suggests that the assumptions used in obtaining (3) are adequate, and no new physics need be invoked.
Beyond the Spectator Picture
The QCD-corrected spectator picture cannot accommodate the differences in the measured lifetimes for the Do, D+ and D, , ( see Table I ) or the semileptonic branching ratios for the Do and D+ (see Table III Figure 6 ).11"
The W-annihilation graph is also present for Cabibbosuppressed D+ decays. These graphs have historically been ignored because at the quark level they are helic- One expects that at least for energetic two-body decays, such a technique would be valid. Again, only one independent parameter (c-(q2)) is left assuming that c+ is given by l/t/Tc-) to leading order.
One of the most striking predictions of this analysis is the suppression of color mismatched (a) decays. Here, r=O for no mixing and r=l for maximal mixing. Large mixing is expected when Am > I', or AI' -I', the former being real transitions, while the latter come from oscillations induced by the large lifetime differences of the states (as is the case for K°Ko mixing).
Naively, given the mass of the Do meson, and the abundance of allowed final states, one expects that differences asso- 
EXPERIMENTAL RESULTS
In the previous section, the phenomenology of the weak hadronic decays was elucidated, with tests at the inclusive level using the semileptonic decays alone to measure nonleptonic widths. In this section, experimental data on exclusive charmed meson decays is presented, and tied to the predictions of the last section. MeV/c2). At higher energies, typical mass resolutions are 10 to 20 MeV/c2, but as previously noted, detection efficiencies may be higher due to the significantly larger momenta which reduces the problem of strange particle decays. Figure 16 shows the W-exchange candidate Do + if"qS, first observed at higher energies, l401 while Figure 17 shows the isolation of this channel at the $(3770). provide considerably more precise numbers than had been previously known.""'["" Figure 18 shows an example of the quality of current data used to establish the resonant composition of the three-body decays. Table VI , it appears that a large fraction of the three-body decays are quasi-twobody. If the trend were to continue, a clear calculational simplification would The traditional technique is to measure the height of the $(3770) resonance over the continuum background by performing an energy scan and fit to the resonance. Since the $(3770) is just above Do threshold and below DD' threshold and since its total width is large (-25 MeV/c2) compared to the nearby $(3685), it is assumed to decay strongly into pairs of Do and D+ . The height of the resonance gives the cross section for charm production with Do and D+ produced in the phase-space ratio of about 55:45.
The measurements vary however over a large range -from 11.5 f 2.5 nb'531 to 6.8 f 1.2 nb"" -for the Do production cross section. [55' A more recent measurement has been performed"" [5G1 which compares the number of fully reconstructed Dd events at the $(3770) to the number of single D mesons observed, and which yields an even smaller cross section of 4.5f0.5 nb for Do production. The general agreement in production rates between experiments (see Table V ) suggests the possibility that the assumptions used in the resonance height calculation may be incorrect: in particular, that the ~,6(3770) may decay significantly to other final states. Radiative decays to other charmonium levels are expected to be a small part of the total width (a few hundred KeV)."" It has been proposed that two-step OZI-allowed decays may provide a means for charmless OZI-forbidden decays to occur at threshold.'5'1 At present, the only measurement of DD production at the $(3770) finds 1.09f0.23 DD for each $(3770) decay."" By taking the average of the two most precise measurements of the cross section Decays of the D, Mesons""4s1 'G2"e31 ((t) indicates a preliminary result)
Experimental
Results on DoDo Mixing
As discussed in Section 3.2.4, r for DoDo mixing may be as large as a few x 10-3. Two experimental avenues for measuring mixing have been explored.
In the first, charmed pairs are produced through hadro'G"'G5' -or neutrinoproduction1G61 or muon-scattering["' and mixing is studied through the events wherein both charmed mesons decay semileptonically. The mixing signature is events containing like-sign lepton pairs. These experiments are often forced to make assumptions about the charm cross section and the precise production Cabibbo-suppressed and is suppressed in exact SU(3). The limit is already below the value measured for the K+K-decay (see Table VII ), but it is not stringent enough to give additional information. The third channel (0' + E*OK') is Cabibbo-suppressed but not SU(3)-suppressed. While the value of the limit is preliminary,'611 it is intriguingly small considering the size of Br(D" + K"4).
Future measurements in the D meson sector that would clarify the W-exchange issue will likely deal with these three decay modes.
None of the current D, measurements of Table VII ) sets the scale for the size of these effects in charm decay. "'I While (8) is clearly consistent with expectations, (7) and (9) are considerably larger, even including the possibility of large SU(S)-violations or final-state interactions. This is then entirely consistent with the pattern expected for interference among D + final state amplitudes, which may lead to a longer D+ lifetime. The sum of all the measured channels for the Do and D' from Tables III,V,VI, and VII, using the normalization of refs. [47, 56] 
